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The recognitio n of fulmin ant hyperthermia and
accident al hypothermi a during anesth es ia and surgery has give n a new impetus to clinical th erm omet ry
in the operating room. It is sugges ted th at in o rder to
recognize and avoid these co nditio ns in the anesthetized patient, a routine of continuo us mo nitoring
of body tempera ture be added to ou r arm amentarium fo r patie nt ca re.
One of th e pro blems that has to be solved is
the stand ardizati on and selecti on of a ph ysiologicall y
meaningful site fo r th e mo nitoring of body temperature. In o rder to select such a proper site. a brief
discussion of functi onal anato my and ph ysiology of
body temperatu re is here presented . togeth er with a
discussion of th e adva ntages and disadva nt ages of the
traditional sites, placing emph asis o n a new sitenamely th e tympanic membrane .
The relative constancy of bod y temperature was
recognized by O aude Bern ard as a part of th e regulation of the " milieu interie ur" required fo r th e
health and proper functi oning of the cellular
elements of warm-bl ooded anim als. The health y
man does not ex ist with intern al body temperat ure
much outside th e no rm al ra nge of 36 °-38 °C , although
during hard work and in fe brile di seases he may
tolerate fo r sho rt periods of tim e temperat ure as high
as 40 °-41 °C. Denatu ratio n of vita l cellular proteins
occur above 44 °C. M an may tolerate hypotherm ic
states fo r short peri ods of tim e during whi ch his body
temperature is as low as 27 °-29 °C, but th ese temperatures are incompatible with life exce pt under
the most careful medical supervisio n and even th en
not for periods longer th an a few days.
The center for regul ation of body temperature
is in the hypothalamu s ( fi g. I ) . In this area two
• P resented a t the 25t h A nn ua l Sto nebu rner Lecture
Series, Februa ry 26. 1972, at the Medica l Col lege of Vi rgini a, Richmond .
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regions, anterio r and posterior hypoth alamus, have
been recogni zed. T he anterior region, also kn own as
the " hea t disposal" region in the eve nt of total body
heat ga in , is in volved in the initiation of th ermoregul atory refl exes. These refl exes will activate the cardiovascular and respiratory system, cutaneous blood
vessels, and sweat gland s th rough th e autono mi c
nervo us system to help balance body heat through
heat loss.
Cold stimul ates th e ce nt ra l nervou s system in th e
posterior hypoth alamus and the endoc rine system
th rough th e pituita ry gland . Its prim ary action on
the periph ery is to stimul ate sensation s of cold and
possibly oth er cutaneous nerve endings which send
th ermoregul atory signals to th e " temperature maintenance regio n." The posterio r regio n of the hypoth alamus, on receiving "cold sign als" through th e
"shiverin g ce nter," will activate th e shi vering refl ex
which is one of th e most powerful ph ysiological
actions of the body in th e production of heat.
Horm onal action of cold takes place through
the hypothalamu s. By lowering the temperature of
blood going to the bra in, cold stimul ates th e hypoth alamu s. which in turn affects th e pituitary and the
release of thyroid stimul atin g ho rm one (TSH )
and ad renocorticotropic horm one ( ACTH ). These
two hormones promptly act on their target organs to
release th yrotropic and ad renal hormon es which
serve to increase hea t produ ction in the body ti ssue
( fi g. I and fi g. 2) . These hormones also serve to
potenti ate th e direct effect of cold in producing
ex tra body heat by shi vering. There are interactio ns
of th e vari ous endocrine gland s on each other, and
thu s it is not easy to obtain a clea r evalu atio n of
the part played by a single glandul ar compo nent
( fi g. 2 ).
Mo noa mines in the hypoth alamus act as mediators of tempera ture respo nse. Local infusion of
5-hydroxytryptamin e have been shown to raise tern135
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Fig. I- Functio nal a na to m y o f ph ysio log ic te mperature
reg ul atio n.

pera ture in cats. It is suggested th at th e release of
mo noamin es and th eir relati ve loca l co ncentrati o ns
act o n the tempera ture ce ll s of th e ante ri o r hypoth alamu s. No repinephrin e a nd epin eph rin e a re concerned with regul ating heat loss, and 5-h ydroxytrypt amine is in vo lved with hea t producti o n .
In fever, in respo nse to leukocyte pyroge ns.
th e pyroge ns act direc tl y o n the ce ll s of th e ant eri o r
hypoth alamu s. Th e magnitude of skin te mperature
appears of littl e import ance in the regul atio n of body
temp eratu re. Logica ll y, it makes th e most se nse to
have the se nso r for wa rmth in sid e th e core o f th e
bod y where the hea t-ge neratin g meta bolic act1 v1ty
o rigin ates, and the sensor fo r cold o n th e o ut sid e
where th e cold environm ent is located .
"Human Thermostat." T heodo r H . Benzinge r
has p ro posed th e co nce pt of a " hum an th erm ostat"
o r a " temperature eye" bein g loca ted in th e hypoth alamu s. Th e tempe rature eye will se nse th e bod y

temperature, as th e retina of th e eye is ca pable of
se nsin g li ght. Th e se t poi nt , 37 ° C, of th e hum an
th erm osta t is loca ted in th e hypoth alamu s area .
Th e shifting of th e se t point fro m 37 °C will ca use
th e ac ti va ti o n of th erm oregul ato ry re fl exes and, in
effec t, c rea te th e co nstancy o f body temperature.
Anesth eti c age nts, by dep ress io n of the hypoth alamu s, ca n ca use lowe ring of th e se t point. Th e sa me
effec t has bee n attribut ed to asp irin , whil e it h as bee n
pos tul ated th at pyroge ne will ra ise th e set point of
th e hum a n th erm os tat. Co nsid ering the fun ctio nal
a nato my and cent ral regul a ti o n of body temperat ure,
it beco mes appa rent th at th e logic al sit e to monitor
th e ce nt ra l tempe rat ure is located in th e c ranium .
Rectal Temperature. T he most wid ely used rectal
tempe rat ure has bee n highl y c ritic ized fo r not bei ng
a tru e re prese nt ati ve of core te mpe ratu re. In mo nito rin g of rec tal te mperature. o ne has to rea li ze th at
thi s area does not have any th erm al signifi ca nce of
it s ow n . Th ere a re no th erm oreccpti ve ele ments in
th e rect um . I t is fa r away fro m th e ce nt ra l nervous
system and doc s not have direc t relati onshi p wit h
th e crossroad o f circul ati o n. th at is. hea rt and grea t
ve sse ls. Sir George Pic kerin g has o bse rve d '· no clea r
relati onshi p betwee n cha nges in rec tal temperature
and ch anges in vaso motor to ne."
Th e re li a nce o n recta l te m pe rature fo r the last
hundred yea rs h as bee n responsibl e fo r th e fa ilure of
cl ini cians to recogni ze a nd use the co ncept o f ce ntr al
th erm orece pti on in clinica l therm o metry. Our measure ments at th e Med ica l Coll ege of V irgini a a nd th e
meas ureme nt s of oth ers in th e a nestheti zed pati ent have show n th at recta l te mp era ture dev iates
wide ly fr o m tympa ni c (ce nt ra l) meas urement s. Be-

Fig. 2-F low d iag ra m o f ho rmo nal res ponse to cold. ( Repri nted with perm issio n fro m Masson e t C ie [eds. ] L es
Concepts de Claude Bern(/ rd Sur L<' Milieu l nu;rieur. Paris:
Libra ires de L·Acade m ie de Mecl eci ne. 1967. and f rom T. H.
Be nzin ger.)
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cause of th ese ana to mi ca l a nd phys io logica l as pects
of the rectum , such dev ia ti o ns ma ke it nonreprese nt ative of core body tem pera ture.
Esophageal Temperature. As will be d isc ussed
furth er, eso ph agea l te mpe rature in th e anestheti zed
pati ent who d oes not experi ence sudd e n hea t loss o r
heat ga in so mewh a t represe nt s core te mpe rature in
reference to ce ntral te mp erature . H owever, o ne has
to rea li ze, as J. D . Whitby a nd L. S. Dun k in ha ve
shown , th at the esoph agea l temperature reco rd ed
in th e anes theti zed a nd intub ated pati ent d epends
on th e site of th e esoph agus at whi ch it is taken.
The longitudin al va ri atio n is greate r th a n th e lateral
and ca n be by as much as 6 °C. The lowes t temp eratures are fo und in th e upper a nd middl e third of
the esoph ag us. Both lo ngitudina l and lateral va ri ations level out in th e lowe r third . Th e lower fo urth
of the esoph agus is both th e warmest a nd th e most
stable. T o reach this a rea, th erm ocoupl e lea ds should
be inse rted 45 cm from th e nostril. This area is situated in th e lowe r medi astinum below th e pulm onary
vein and between th e hea rt and th e desce nding part
of the ao rta. C arl sten and Crimley have show n th at
the esoph agea l tempera ture close ly fo ll ows th e temperature of intraca rd iac blood.
Tympanic Temperature. Th e tymp a ni c membrane tempera ture, beca use o f its p rox imi ty and
similar blood suppl y, is ve ry close to th e ce ntral
tempera ture. By plac ing a th ermoco upl e in juxtapos ition to th e tymp anic membrane, T . H . Be nzin ge r
has shown th at its te mperature acc urately refl ec ts th e
temperature of bl ood co ursing th rough th e b ra in
(fig. 3) . With th e use of gradiant ca lo rim etry. he has
demonstrated th at th e cha nges in tympa nic temperature a re co nco rd ant with o ne of the th erm o regul atory
refl exes, namely th e swea t rate , wh ereas skin te mperature changes do no t refl ect swea t rate and are
paradox ic al and di sco rd ant.
Figure 4 a, fro m Be nzinge r's stud y shows tha t
when some subj ects swall owed ice. cra ni al te mpe rature decreased. At th e sa me tim e, th e swea t rate
showed a parall el heat loss which was repeatedl y
constant.
Figure 4b shows th e sa me subj ects. Whe n th ey
swallowed ice, th eir skin te mperature increased whil e
at th e sa me tim e th eir swea t rate, o r hea t loss, d ecreased ( di scord ant relati o nship) .
Clinical Thermometry in the Operating Room.
In a group o f abo ut 30 pati e nts ( mostl y adult )
und ergo ing general a nesthe sia a nd surge ry, co ntinuou s bod y tempera ture me asurement was made
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from a th erm oco upl e pl aced aga inst th e tympa nic
membr ane. Thi s source was co mp ared with continu o us a nd simul ta neo us measurements from th e
esoph agus a nd rectum . Th e period of compa ri son
ranged from 1.5 ho urs to 12 hours, dependin g on th e
length of the o pe rati o n. a nd th e tim e the pat ie nt
spent in th e recove ry roo m. For th e rectum and th e
esoph agus, a soft pl asti c p robe wi tho ut co tton cover
was used. Fo r th e tymp ani c membra ne, a probe with
a special " Q-tip" was used .
Each th ermocoupl e was conn ected to a monitorin g recorder, and th ree temperatures bein g monito red
we re tra nscribed directl y to a Lee ds and N orthrup
Comp any, Spee doma x continu o us writer.'

F ig. 3-T ympa nic thermome te r consisting o f disposab le
thermoco uple int roduced into ex te rn a l a udito r y cond uit.
( Re printed w ith pe rmi ssio n fro m Bild De r Wi sse11scl, a/1.
Vo lume Three, Jul y. 1964 . a nd fr o m T . H. Be nzin ge r.)

• We wo ul d lik e to th a nk Leeds a nd Nor th rup Co mpa ny fo r prov iding the mo nito rin g eq uipme nt . a nd also
ack now led ge th e suppo rt o f Dr. Jo hn L. Patterson. Jr ..
D irecto r. Ca rd iopu lmonary La bs a nd Resea rc h. a nd Dr . C.
Pa ul Boya n. C ha irm an. D epa rtm ent o f Anest hesio logy.

RAFII : BODY TEMPERATURE DURING SURGERY AND ANESTHESIA

138

This has prompted some cl inici ans to advocate this
techniqu e in patients with fulmin a nt hyperth ermia
to lowe r th e body temperature . Figure 5 also shows
the devi ati ons of recta l temperature from tympanic
and eso ph ageal under the co nditi ons of extracor-

Figure 5 shows simultaneous monitoring of rectal, esop hagea l, and tymp anic te mperature in a pat ient
during ope n heart surge ry. Immed iately aft er th e bypass there is a profound fa ll in body tempera ture.
(From a tympanic temp erature of 37 °C to 32 °C).
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difficulty in recove ry o f the hea rt during ope n hea rt
surge ry.
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poreal circula ti o n. It represe nts th e fact th a t myo cardial temperature , which is mo re in lin e w ith
tympanic and esoph agea l temperature , ca n be much
lower than rectal temperature at th e termin ati on o f
the by-pass . It also demo nstrates that so le reli a nce
on rec ta l tem pe rature will result in not recognizin g
th e cold myoca rdium , and thi s m ay cont ribute to th e

Figure 6 shows a noth er exa mpl e of a pati ent
und ergo in g o pen hea rt surge ry with multipl e "cras h
coo ling" a nd " rewa rm in g" peri ods during ex tracorpo rea l circulatio n. A simila r dev iati o n between rec tal
and esoph ageal. a nd tympa nic temperature is noticed.
Figure 7 shows th e rew arming period and acciden tal ove rh ea tin g of a pa ti e nt under ex tracorp orea l
c irc ul a tion w ith multipl e "cras h coolin g" period s. It
can be see n th at in case of accident al overh eat in g,
the devi ati ons between diffe rent sit es of temperature
d isc ussed in fi gure 5 can exist.
Hypothermia During Anesthesia and Surgery.
Durin g clinical th ermo metry we noticed, as others
have, th at unde r mode rn operating room conditions
( humidit y of about 50 % a nd te mperature between
68 ° F and 75 ° F) th e majo rit y of patients und ergo in g
diffe rent types of surge ry had so me degrees of fall in
body temp erature . Dependin g o n th e type and length
of th e operation , so me pati e nt s co uld develop profo und hypot hermi a.
M an being a ho mo thermic anim al has th e
a bility to ma int ain hi s norm al body temperature rega rdl ess of environm ent a l temp erature . An anesth eti zed ma n loses thi s abilit y. He becomes somewhat
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poikiothermic and follow s th e environment al temperature which , in such circumstance, is th at of th e
operating room.
By depress in g th e ce ntr al nervo us sys tem, anesthetic agents dep ress th e cen ter of temperature regulati on thu s decreas ing body temperature and contributing to th e fa ll of temperature in the anesth eti zed
pati ent. Sir George Picke ring has e mph as ize d thi s
fac t, by say ing, " The best way to coo l a patient is to
anesth et ize a pati ent. "
An esth etic age nts cause cellul ar depress io n and
decreases in metabolism and he at production . The
effec t of th ese age nts on the "shivering center" and
on the periphery in concert with mu scl e relaxants
will block the act of shi verin g, and as long as th e
pat ient is anesth etized a nd para lyzed. no compensatory mechanism for heat gai n ex ists. Th e fact th at
peripheral circul at ion has lost the capa bility of constricti on will contribute further to the magnitud e of
heat loss in th e anest hetized patient.
Premed ication with any of th e usual drugs has
the effect of relax in g mu scle tone, thu s makin g the
pati ent more susceptibl e to a fa ll in body temperature when ta ken into a cold operat ing room. On recovery fr om anesth es ia, th ermos tatic refl exes app ear,
and if th e body temperature is lowe red , shi ve ring a nd
cutaneous vasoco nst rict io n occur with a concomit ant
rise in oxygen consumpti o n. The grea te r th e fa ll in
temperature, th e grea ter th e oxyge n co nsumption
durin g th e recove ry period.
In compari son with oth er a nesthetic agents used ,
haloth ane can ca use more hea t loss during anes-

th es ia, more shi vering at th e termin ation of anesthesi a, and more rise in oxyge n consumption .
The importance of increased postoperati ve oxygen consumption may be considerable, particul arly in
patients with preex istin g res pir atory or circulatory
di sease.
In th e event that a postoperati ve airway obstructio n ex ists , the pati ent will not be able to tolerate
anox ia if, beca use of incre ased oxygen consumption
du e to shivering, th e ventil ati on demand is in creased.
In patients with abdominal incisions and thoracoto my, increase in ve ntil atory demand may present
postoperative difficulti es.
Increase in oxyge n requirement will also incre ase
demands o n circulation. Pati ents with cardiovasc ular
p roble ms and unreplaced blood loss will be further
handic apped in dea ling with thi s. During recovery
from h ypoth ermi a, the rew arming acidosis can contribut e gre atly to morbidit y of heat loss during
a nesth es ia.
R obert M. Morri s' study on th e rel ati onship betwee n operat ing room temperature and th e temperature of the anesth etized pati ent shows th at a significant linea r correl ation ex ists betwee n the patient's
esoph ageal temperatures and their operating room
tempera tures. H e class ifi ed the o perating rooms accordin g to th e ir effect on patients' temperature : (I)
roo ms below 21 °C in which all patients became
hypoth ermic ; (2) 21 ° to 24 °C (70 ° to 75 °F) rooms
in which 70 % of the patients rem a ined norm othermic and 30 % beca me hypoth ermic ; and (3) 24 ° to
26 °C (75 ° to 79 °F) rooms in which all patients
remained normothermic. H e concluded that , 2 1 °C
can be class ifi ed as th e " critical ambient temp erature" for lightly anesthetized paralyzed adults.
Boya n and his assoc iates have shown that if,
in addition , large amounts of cold blood are transfu sed , the fa ll in temperature ca n be gre ater. A contributing fac tor to this is th e cold solution used for
prepping. Dee p anesth esia (with o r witho~t muscle
rela xants) can also cause gre at heat loss. Since basal
heat production decreases with age , the resultant heat
deficit is greater in th e elderly .
In ad diti on to hea t loss, second ary to vasodilati on a nd decre ased hea t production, the opening of
the abdo minal cavity is an important factor with
th e anesthetize d pati ent. Inside th e peritoneal cavity
is a large surface from which much heat can evaporate, and irrigation of the perit oneal cavity with
cold soluti ons leads to increased heat loss. At a comfortable operating room te mperature (20° to 22 °C) ,
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Fig. 8-Body tempe rature during anest hesia and operat ion. (Intra-a bdomina l)

most pa ti ents ex perie nce a fall in body tempera ture.
Figure 8 e mph asizes the effects of age ( 85 years
old), the type of operation (intra-abdominal). th e
length of proced ure ( 5 1/ 2 hours), and cold ambi ent
temperature ( operating room temperature 21 . 1°C)
on the extent of the fall in body temperature. At
times during the procedure, by mea ns of a warm
blanket, a n effort was made to warm the pati ent.
In spite of thi s effort , th e drifting of hypothe rmia
took place, and the patient rega ined a nor mal body
temperature only after he was taken to the recovery
room (temperature 26.6 °C).
This is in concert with the obse rvation of
Robert M. Morris and hi s associates that a warm
blanket under the paralyzed and anesthetized ad ult
is no substitute for a warm operating room. One can
see from thi s ex perim ent th at in the event of slow
and progressive heat loss, there are minimal d ev iations in the monitoring of the different sites of body
temperature. But under clinical circumstances when
one can expect sudden he at gain and he at loss, we
believe th at it seems more important to use tymp anic
or esophageal monitoring of te mpera ture.

a crit ica l fac tor in m assive transfu sio n. A nesth es. 22: 559563. 196 1.
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